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Description 

This invention relates to coating on surfaces that are subjected to friction or wear, to a method of coating 
a substrate and to machine tools having a wear resistant coating over at least a portion of the working surface. 

5 In the past, tools and articles that are subject to wear have been fabricated to achieve various hardness, 

lubricity and wear characteristics by controlling certain parameters. For example, tools for working and shaping 
unhardened steels may be fabricated from steel containing enough carbon to form very hard martensite. In more 
complicated compositions, varying the carbon content and alloy content makes possible non-deforming steels, 
shock-resistant steels, hot-work steels, or high-speed steels. In some of these steels, alloying elements such 

10 as titanium, vanadium, molyb-denum, tungsten and chrominum are used. These are elements which have a 
great affinity for carbon and form hard, wear-resistant metallic carbides. However, in many cases, it is desirable 
to provide a tool having a coating on the surface thereof to improve the hardness and/or lubricity of the tool. 
This is especially the case where it is desired to lengthen the tool life or increase productivity, or where it is 
necessary to shape and work hardened steel, for example. However, many types of wear resistant coatings 

is require high temperatures for application, thereby making them impractical for use on many types of substrate 
materials, since the properties of the substrate may change significantly under such temperatures. Other types 
of coatings do not adhere sufficiently to the substrate under working conditions. 

Thus, a need exists for a wear resistant coating that can be applied at relatively low temperature to avoid 
significant change of substrate properties. A need exists for a wear-resistant coating for articles, such as tools, 

20 to provide increased life. A need also exists for a wear resistant coating that has improved adhesion properties 
and resistance to fracture. 

Boron-carbon coatings of sorts are described in Patents Abtracts of Japan (Kokai 54-17481) and Swiss 
patent application CH-A-534 744. European patent application EP-A-007531 6 describes metal/non metal coat- 
ings, which, in the context, are described as disordered. 
25 The present invention provides a coating as defined in claim 1, a method of coating a substrate as defined 

in claim 5 and a machine tool as defined in claim 7. 

A mold comprising a coating according to the present invention and a method of molding an article utilizing 
said mold are claimed in the copending European application 84306468.4 (EP-A-O 136 162). 

The coating according to the invention exhibits excellent resistance to wear. As used herein, resistance to 
30 wear includes resistance to erosion, oxidation, corrosion, wear from frictional contact and similar phenomena. 
Tools and other articles which are subject to wear, such as a result of contact with other surfaces, can be coated 
with the disordered boron and carbon material to increase the useful life of the tool or article. The coating can 
be disordered boron carbide or a mixture of disordered boron and carbon. 

The coating is formed as a thin layer on the surface of an article such as a tool or other substrate and pref- 
35 erably comprises boron carbide. As used herein, "substrate" and "article" are interchangeable and can include 
a coating or coatings other than a coating of the invention. 

Tools coated in accordance with the invention utilizing disordered boron and carbon generally having excel- 
lent hardness and lubricity characteristics which result in increased lifetimes and depending on the particular 
application, improved surface finishes on parts or workpieces machined therewith. 
40 The disordered coating can be amorphous, polycrystal-line (and lacking long range order), microcrystalline 

or a mixture of any combination of those phases. By the term "amorphous" is meant a material wich has long 
range disorder, althought it may have short or intermediate order or even contain at times some crystalline inclu- 
sions. 

The composition of the coating is: 

45 BxC,.* 

where "B" represents boron, "C" represents carbon and "x" and "1-x" represent the relative amount of boron 
and carbon respectively, present in the coating, "x" being from about 0.60 to about 0.90. Most preferably, the 
coating is disordered boron carbide (B 4 C). Thus, included in accordance with the present invention are coatings 
which are non-stoichiometric as well is those that are. 

so The coating of the present invention is disordered When formed. It is believed that a disordered wear resis- 

tant coating performs better than a single phase crystalline coating. A disordered coating may be more sus- 
ceptible than a single phase crystalline coating to diffusive bonding between the substrate surface and the 
coating, resulting in better adherence. Disordered materials also lack extended lattice planed through which 
fractures can propagate and in general can withstand relatively high deformation forces without fracture. Such 

55 materials are generally less susceptible to adverse chemical attack, such as corrosion and oxidation, than a 
single phase crystalline material. It is believes that the foregoing advantages are more fully realized with an 
amorphous or substantially amorphous coating. 

In accordance with the invention, a nonstoichiometric disordered wear resistant coating is provided in which 
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the amount of boron and carbon present in the coating composition can be varied to achieve desired charac- 
teristics while avoiding the formation of extended lattice planes present in non-disordered materials which could 
adversely affect the adherence, wear resistance or other properties of the coating. 

In accordance with the invention the coating is formed by dc magnetron sputtering. Since sputtering can 

5 take place at a relatively low substrate temperature (generally about 200°C or less, for example), the coating 
can be formed while avoiding significant changed in the properties of the substrate material while providing a 
surface that has increased resistance to wear and excellent lubricity. Accordingly, the invention is particularly 
useful for coating materials such as tool steel and tungsten carbide, for example, since the processing tem- 
perature does not degrade the properties of these materials. Sputtering at low substrate temperature also allows 

10 formation of the coating in a disordered state. 

The coating can be applied to a tool surface or substrate surface as a continuous thin layer without signifi- 
cantly changing the dimensions of it tool since the thickness of the coating can be relatively thin and can be 
closely controlled. After a tool, with or without a coating, has bean in use, a coating in accordance with the inven- 
tion can be applied thereto, to achieve a desired tolerance or otherwise replace material that has been worn 

15 from the tool. Thus, the invention makes possible the reclamation of tools that would otherwise be discarded. 

A coating in accordance with the invention can be applied directly over a substrate surface while achieving 
excellent adherence for use on tools and other surfaces that are subjected to wear or friction, for example. No 
adherence coating or layer is required, as the coating of the invention can provide excellent adherence. Pref- 
erably, the coating is continuous. 

20 The disordered boron and carbon coating of the invention can be further characterized as being relatively 

inert and stable, with good resistance to degradation as a result of exposure to humidity and heat, for example. 

In accordance with another aspect of the invention, a method is provided for making a wear resistant boron 
and carbon coating, which method is similar to the described general method and comprises depositing over 
a substrate a layer of disordered boron and carbon. The layer of disordered boron and carbon is as previously 

25 described. 

In accordance with another aspect of the invention, a coated tool suitable for machining a work-piece is 
provided that includes a substrate and a wear resistant coating over at least a portion of the substrate. The 
coating is a disordered coating of boron and carbon as previously described. 

As used herein, "machining" is used in a broad sense and, includes, but is not limited to, cutting, grinding, 
30 shaping, polishing, reaming, turning, drilling, broaching, sharpening and the like. 

The machine tool according to the invention has on at least a portion of the article or on a worthing edge 
or surface thereof, coated with a wear resistant boron and carbon coating in accordance with the invention. 

In accordance with another aspect of the invention, the disordered boron and carbon coatings are also use- 
ful as decorative coatings. The disorsordered boron and carbon coatings can be characterized as having a high 
35 gloss and an attractive gray color. Such coatings also, of course, exhibit good resistance to wear. 

The color of the coating is dependent on the relative amount of boron and carbon present in the coating. 
Coatings with a relatively high amount of carbon will be a darker shade of gray than coatings with less carbon. 

To a degree, the thickness of the coating determines the degree of grayness of the coating. The optical 
density of the coating is related to its thickness, until a certain thickness is achieved where a thicker coating 
40 will not provide a significant increase in optical density. 

The smoothness of the substrate surface to which the coating is applied generally has an effect on the gloss 
of the coating. Usually, providing a smoother surface results in a coating having a higher gloss. Accordingly, 
where a high gloss coating is desired, the substrate surface should be relatively smooth. 

Preferably, the coatings essentially contain only carbon and boron, although it is to be understood that 
45 minor amounts of impurities will almost invariably be present. Further, other elements or compounds other than 
carbon may be present, as long as they do not interfere with the desired color, gloss or wear resistance. 

The coatings of the invention can be further characterized in being relatively inert and stable, with good 
resistance to color change as a result of exposure to ultraviolet radiation, for example. The coatings also exhibit 
good resistance to chemical attack. 
so Generally, when a coating of the invention is provided for decorative purposes, it will be thinner than a coat- 

ing for wear resistance applications, although a thicker coating can be used for decorative purposes as desired. 

Figs. 1 -7 illustrate in perspective view various articles than can be coated in accordance with the invention; 

and 

Fig. 8 illustrates in sectional view a coating in accordance with the invention having a transparent coating 
55 applied thereover. 

The disordered coating of the invention is formed by dc magnetron sputtering. The preferred type of sput- 
tering is dc magnetron sputtering with a bias voltage. Sputtering allows the coating to be applied at relatively 
low temperatures and is less likely to affect the substrate properties than other techniques which require rela- 
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tively high temperatures. 

While sputter depositing techniques are generally Tiriown to those skilled in the art, to maximize the benefits 
of the invention, it is advantageous to for the desired , coating with a sputtering technique that is adapted to 
the particular geometry of the surface to be coated. Csually, a dc or rf bias is applied to the substrate during 

5 application of the coating by sputtering. The bias may improve adhesion of the coating formed on the substrate, 
reduce stress in the coating and increase the density of the coating. The substrate geometry in part determined 
the most desirable sputtering technique for a particular application. 

Prior to sputter depositing, it is important to provide an atomically clean surface on the portion of the tool 
or substrate surface that is to be coated (as used in this specification, "substrate* means that portion of a tool 

10 or substrate exclusive of a coating or coatings in accordance with the invention). This facilitates the formation 
of a uniform coating which adheres to the substrate surface. There are several methods known to those skilled 
in the art for providing an atomically clean surface for sputtering and any such method may be utilized. The 
following surface preparation method is provided by way of example only and is not to be construed as a limi- 
tation upon the present invention. 

is In accordance with one method for providing an atomically dean substrate surface, the substrate is deg- 

reased with a chlorinated hydrocarbon degreaser. Thereafter, the substrate is rinsed in methanol and is then 
subjected to either plasma or dry chemical etching. When plasma etching is utilized, preferably a fluorinated 
carrier gas, such as carbon tetrafluoride is utilized. The carrier gas decomposes and provides fluorine which 
cleans the substrate surface. The final step for providing an atomically dean surface for the coating is sputter 

20 etching in an argon plasma. 

After an atomically dean surface has been provided on the substrate or at least on that portion of the sub- 
strate which is to be coated, the coating can be applied. 

Where a high gloss coating is desired, usually for decorative purposes, the surface will preferably be rela- 
tively smooth, since this is bejieved to facilitate the formation of a high gloss coating. Some surfaces will already 

25 be smooth and no treatment is required. Where a smoother surface is desired, any suitable means can be 
utilized. For example, the surface maybe polished. Alternatively, the surface may be precoated with a layer or 
layers of polymer material such as a thermoplastic or thermosetting polymer resin or other materials which can 
provide a relatively smooth surface. Epoxy and acrylic resins are examples of such polymer materials. A com- 
bination of polishing and applying a precoat Jayer can also be utilized. 

30 The preferred sputtering conditions depend on surface geometry and the type of microstructure desired. 

Generally, however, it is desirable for the surface of the coating to be smooth, especially for many wear-related 
applications. The internal microstructure of the disordered coating may be columnar or non-columnar. For some 
applications, a columnar surface of the coating can be desirable. 

One technique for producing a columnar microstructure applies sufficient bias voltage to the substrate to 

35 cause formation of the columnar microstructure. For some coating materials and/or substrate geometries, a 
columnar microstructure may not be formed, even with a high bias voltage. As is known to those skilled in the 
art, bias sputtering is the process of maintaining a negative bias voltage on the substrate during deposition. 

By applying a bias voltage to the substrate, the density, purity, adhesion and internal stress of the coating 
can be controlled. Generally, application of a bias voltage tends to increase the density, purity and adhesion 

40 and also tends to decrease the internal stress of the coating. 

The bias voltage applied to a substrate during sputtering may be varied in a desired sequence. The pre- 
ferred bias sequecing depends on the substrate geometry and the desired microstructure. For complex shapes, 
of for surfaces having a relatively high (about 2.0 or greater) aspect ratio (which 1 3 the ratio of the macroscopic 
depth to the width of a surface, e.g. the aspect ratio of a planar surface is O and the aspect ratio of a surface 

45 having a depression whose depth equals its width is 1); it is desirable to initially sputter the coating material 
onto the substrate at a relatively low bias voltage (for example, about -100 to -200 volts) to insure complete 
coverage. Thereafter, the bias voltage is increased to a relatively high bias voltage (for example, about -1000 
to -2500 volts). The biasing voltage can be gradually increased (ramp increased) or step increased. Utilizing 
such a bias voltage tends to promote a more dense, purer coating having greater adhesion, less internal stress 

so and also tends to promote columnar growth. It is believed that a columnar microstructure generally results in 
better adherence, possibly as a result of mechanical anchoring to the substrate. For the exterior coating surface 
applied to a surface with a high aspect ratio, the bias voltage can be applied as for the underlying portion of 
the coating, except that if a smooth surface is desired, towards the end of the deposition the bias voltage is 
lowered (for example, generally to about -100 to -200 volts) or eliminated, which tends to allow formation of a 

55 smooth surface. 

For a surface having an aspect ratio of about 0.5 to about 2.0, the coating is preferably sputtered at essen- 
tially a constant bias voltage, generally between -500 and - 1000 volts. A higher voltage can be used. For the 
exterior portion of the coating, the bias voltage should be adjusted such that a relatively smooth surface is pro- 
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vided, if this is desired. 

For a surface having a relatively low aspect ratio (between 0 and about 0.5), preferably the bias voltage 
initially is higher (about - 1000 to -2500 volts) and can be decreased to low voltage (about -100 to -200 volts) 
in either step or ramp fashion, or eliminated. Again, the decrease or elimination of bias voltage usually applies 
towards the end of the deposition of the coating. 

A decreasing or a relatively low bias voltage also tends to promote a relatively smooth surface which gen- 
erally results in a more lubricious surface, which can be desirable in many cases. 

Since sputtering can take place at relatively low substrate temperatures (generally about 200°C or less, 
for example), the coatings can be be formed while avoiding significant changes in the properties of the substrate 
material while providing a surface that has increased resistance to wear and excellent lubricity. Accordingly, 
the invention is particularly useful for coating materials such as tool steel, aluminum, brass, chrome, nickel, 
tungsten carbide and cemented carbides, graphite, glass, natural and synthetic polymers and other substrates 
that can be adversely affected by elevated temperature, for example, since the processing temperature does 
not degrade the properties of these materials. Sputtering at low substrate temperatures also allows formation 
of the coatings in a disordered state. The invention is also suitable for coating precisely dimensioned substrates, 
regardless of substrate composition. 

To produce sputtered disordered coatings, generally the sputtering will take place at substrate surface tem- 
peratures of less than about 200°C and usually at about 1 00°C or even less, to facilitate formation of disordered 
coatings. Thus, the coatings in accordance with the present invention can be formed at relatively low temperat- 
ures. The target generally is also cooled to prevent evaporation, melting or other unwanted degradation of the 
target As a result, the coating is applied to a tool surface, for example, without significantly altering physical 
properties of the tool, such as the dimensions, hardness and transverse rupture strength. Generally, substrate 
temperatures, target compositions, deposition rates and gas pressures which tend to prevent the formation of 
disordered coatings should be avoided. 

For decorative uses, the thickness of the coating can be varied 'and no minimum thickness is required. 
However, it is desirable for the thickness of the coating to be in the range of from about 0.2 micrometers (2000 
Angstroms) to about 0.5 micrometers (5000 Ansgstroms). Coatings which are thinner will be more transparent 
and the grayness of the coating will be less. Coatings thicker than 0.5 micrometers, (5000 Angstroms) can be 
utilized, but for decorative uses, cost may be a limiting factor. The coatings are preferably thick enough to be 
substantially non-transparent 

For wear resistance, it is usually desirable to form a coating that is between about one (1) and about eight 
(8) micrometers in thickness, with a thickness of about 2.5 micrometers usually being a good thickness for use 
on tools. Coatings having a thickness in excess of about eight (8) micrometers may not be particularly desirable 
in applications where high tolerance must be maintained since the geometry and/or size of the tool and parts 
resulting therefrom may be altered. The sputtering technique can be chosen in accordance with the guidelines 
previously set forth relating to relatively simple and complex substrate surface geometries. 

It is to be understood that the coatings and methods described herein can be utflzed on tools that have 
been subjected to use, either with or without the coatings described herein. For example, a after a tool having 
a coating or coatings in accordance with the invention has been in use, and is either worn or outside of a desired 
tolerance range, the same type of coating or another type of coating in accordance with the invention can be 
applied to the tool, resulting in an increased tool life. Also, a coating can be applied to tools which did not pre- 
viously have a coating of the invention thereon. Thus, tools which would otherwise be discarded can be rec- 
laimed. . _ 
Referring now to Figs. 1-7, several types of articles are illustrated which can be coated in accordance with 

the present invention. 

In Fig. 1, there is illustrated a gear hob 10 which can be coated in accordance with the present invention. 
Gear hob 1o' has a plurality of radially extending teeth 12 and is one example of a complex surface. 

Fig. 2 is a perspective view of an insert tool 1 4 having a flank face 1 6 and a rake face 1 8. The substrate 
of insert tool can be coated over its entire surface with a wear resistant coating of disordered boron carbide. 

Fig. 3 is a perspective view of a bearing pin 20. Bearing pin 20 is an example of a relatively simple surface 
that can be coated with a wear resistant coating of boron and carbon. 

Fig . 4 illustrates a gear shaver tool 22 which is composed of a plurality of radially extending teeth 24. Gear 
shaver tool 22 illustrates another relatively complexly surfaced tool-for which the method and coatings in 
accordance with the present invention are suitable. 

Referring now to Figs. 5-7, several articles are depicted to which coatings in accordance with the invention 
can be applied primarily for decorative purposes. It is, of course, to be understood that the type of articles to 
which the coating may be applied is virtually limitless, and these illustrations are merely set forth by way of 
example. In Fig. 5, there is illustrated a steel automobile bumper 26 that can have a coating 28 in accordance 
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with the Invention on the surface thereof. Coating 28 is a thin grayish layerof substantially amorphous boron 
and carbon and is from about 2000 Angstroms to about 5000 Angstroms in thickness and has a high gloss. 

In Fig. 6, a plastic automobile door lock button 30 is illustrated that can have a coating 32 in accordance 
with the invention on the surface thereof. 

s In Fig. 7, a water faucet 34 is illustrated having a coating 36 in accordance with the invention. 

When the coating is used for decorative pur-, poses, a protective overcoat layer may be provided over the 
coating. For most applications the protective overcoat will be substantially transparent and clear, although it 
could be colored, if desired. Any such type of material which does not deleteriously affect the boron and carbon 
coating to an unwanted degree can be used. For example, polymer resins can be used which are thermoplastic 

10 or thermosetting. Suitable polymer resins which can be selected from a wide group of materials. Included in 
this group are, for example, polyurethanes, vinyl polymers and copolymers, copolymers of vinylidene chloride 
and vinyl acetate, copolymers of vinylidene chloride and acrylonitrile, copolymers of vinyl chloride and vinyl 
acetate, polycarbonates, polyamide, esters, ABS copolymers and the like. These materials are also suitable 
for use as a precoat over the substrate to provide a smoother surface. Any suitable method can be used to 

15 apply the overcoat or precoat layer. By way of illustration only, such methods include, for example, spraying, 
brushing, roller coating, dipping, spin coating, vacuum deposition, electrolysis, electrostatic spraying, or the 
like. 

Referring to Fig. 8, there is illustrated an enlarged cross-sectional view of a portion of a substrate 38 having 
a disordered boron and carbon coating 40 in accordance with the invention. Applied over the surface of coating 
20 40 is a thin layer of a protective overcoat 42, which serves to protect coating 40 from impact Protective overcoat 
42 is a polymer resin that is substantially transparent 

Generally, the KHN (50 grams) hardness of the boron carbide coatings in accordance with the present 
invention is about 4,700 kg/mm 2 as measured on a 50 micrometers thick (boron carbide) coating that was sub- 
stantially amorphous with some microcrystallirie material. Since the disordered coatings are generally relatively 
25 thin, direct measurement of a typically used thickness is impractical. It is expected that thinner coatings would 
have about the same hardness. However, in addition to being relatively hard, the coatings of the present inven- 
tion generally also exhibit excellent lubricity: As a result, tools in accordance with the present invention have 
increased life and the use of such tools can result in an improved surface finish on parts machined therewith. 
The present invention and its advantages can be more completely understood from thefollowing examples: 

30 

Example 1 

A disordered coating in accordance with the invention was d<? magnetron sputtered utilizing a target that 
was formed by hot pressing 99% pure, crystalline B 4 C powder. The target was silver epoxy bonded to the back- 
35 ing plate and initially broken in by depositing for six hours dc at 300 watts, then for two hours rf at 500 watts 
and finally brought up to 1 050 watts dc over 30 minutes and allowed to predean at that voltage for an additional 
30 minutes. A coating of approximately 50 micrometers of carbon and boron was formed. X-ray diffraction data 
indicated that the coating was substantially amorphous with some microcrystalline material. 

Differential thermal analysis indicated that the crystallization temperature of the disordered boron carbide 
40 coating was about 1 280°C. 

Example 2 

An amorphous boron and carbon coating in accordance with the invention was DC magnetron sputtered 
45 utilizing a target that was formed by hot pressing 99% pure, crystalline B 4 C powder. The volting was applied 
to an M2 high speed single point lathe tool and to M7 high speed steel drills. To provide an atomically clean 
surface, the tools were dc etched. The boron and carbon amorphous coating was applied by dc magnetron 
sputtering with a gas pressure of 6 microns argon and a dc bias voltage of 500 volts for about the initial 40% 
of the coating thickness and thereafter a bias voltage of 250 volts dc was applied for the remainder of the coating 
so deposition. The total coating thickness on each tool was about 3.2 micrometers. X-ray diffraction testing indi- 
cated that the coatings were amorphous. 

The lathe tool and drills were subjected to tests to determine the life of coated tools versus uncoated tools. 
The lathe tool was utilized in a turning operation on cold rolled 1 040 steel. The drills were subjected to a drilling 
test on gray cast iron plates having a Brinell Hardness Number of from 219 to 239. The turning and drilling tests 
55 did not utilze lubrication. 

The lathe tool was utilzed at a speed of 0.864 m/s (1 70 ft/min) at a feed rate of 0.203 mm/rev. (0.008 in/rev.). 
The depth of cut was 1.3 mm (0.050 inches). The lathe tool having the amorphous boron and carbon coating 
exhibited a tool life that was four times as long as the life of the same type of lathe tool used under the same 

6 
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conditions without any coating. 

In the drilling tests, through holes were drilled in the gray cast iron plates which were 13 mm (1/2 inch) 
thick with full penetration of the point and shoulder of the drills. The feed rate was 0.21 1 mm/ rev. (0.0083 inches . 
per revolution). The number of holes to catastrophic failure was taken as the tool life criterion. The following 
5 results were obtained in the drilling test: 



Drill speed Tool life ratio 

(m/s) (coated/uncoated) 



10 0.610 {120 ft/min) 3 

0.660 (130ft/min) 4 

0.762 (150ft/min) 6 

0.864 (170 ft/min) 12 



15 The foregoing results indicate a substantial improvement was obtained from the use of tools coated in 
accordance with the invention compared with uncoated tools. 

Example 3 

20 A stainless steel plate was coated with an amorphous boron and carbon coating in accordance with the 

invention. The coating was applied to the stainless steel plate in accordance with the procedure set forth in 
Example 2. The coating had a thickness of about 3.2 micrometers. 

The stainless steel plate having the coating thereon was subjected to an air atmosphere having a relative 
humidity of about 88% and a temperature of about 33°. The exposure occurred for more than 56 days with no 

25 apparent spalling degradation or loss of integrity of the coating. 

Example 4 

A stainless steel plate was coated as setforth in Example 3. The coated stainless steel plate was subjected 
30 to the vapor of a cutting fluid that was being reflexed. The temperature of the vapor was about 1 00°C and the 
exposure occurred for eight hours. The cutting fluid contained sulphur and chlorine additives of the type utilized 
to control the growth of bacteria. After the test, no visible change was apparent in the coating. 

EXAMPLE 5 

35 

A chrome water faucet was coated in accordance with the invention by applying a boron and carbon coating 
by dc magnettron sputtering. The coating had a thickness of about 1 micrometer (10,000 Angstroms) and was 
of an attractive gray color with a high gloss. The coating could not be visibly scratched by rubbing with steel 
wool. 

AO Coatings of disordered boron and carbon of desired proportions are made by dc magnetron sputtering and 

appropriately choosing the target composition . Also, multiple targets of different elements or compositions could 
be utilized. 

It is to be understood that the coatings of the present invention are not limited to wear applications involving 
tools or decorative uses. The invention is useful on surfaces that may be subjected to wear, including, for 
45 example, engine parts, fitting, and other devices where friction or wear is encountered. 



Claims 

1 . A wear resistant coating applied adherently to a substrate, such coating being formed by sputtering and 
consisting of a combination of boron and carbon in at least one phase selected from amorphous, polyciystalline 
lacking long range order and microcrytalline phases, characterised in that the coating is formed by dc magnet- 
ron sputtering, and that the coating has a composition on an atomic basis of B x where x is from about 0.60 
to about 0.90. 

2. A coating according to claim 1 further characterised by said boron/carbon coating being amorphous. 

3. A coating according to claim 1 or claim 2 further characterised by said coating comprising: amorphous 
boron carbide. 

4. A coating according to any preceding claim further characterised by the coating having a thickness in 

7 
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the range from about 0.20 to about 8 micrometers. 

5. A method of coating a substrate comprising depositing by dc magnetron sputtering a coating according 
to any of claims 1 to 4 on the substrate. 

6. A method according to claim 5 further characterised by at least a portion of said coating being formed 
5 by sputtering while applying a bias voltage to the substrate during at least a portion of said sputtering. 

7. A machine tool having a wear resistant coating over at least a portion of the working surface of the tool, 
said coating being according to any of claims 1 to 4 or produced by the method of claim 5. 



10 Patentanspruche 

1 . verschlei&fester Oberzug, der festhaftend auf ein substrat aufgebracht, durch sputtern gebildet ist und 
aus einer Kombination von Bor und Kohlenstoff in wenigstens einer, aus der amorphen, der polykristallinen 
ohne Fernordnung und der mikrokristallinen Phase ausgewahlten Phase besteht, dadurch gekennzeichnet, 

is da& der Oberzug durch GleichstronvMagnetron-sputtem gebildet ist und daB der Qberzug eine zusammen- 
setzung auf Atombasis von S X C^ hat, wobei x von etwa 0,60 bis etwa 0,90 reichL 

2. Oberzug nach Anspruch 1, dadurch gekennzeichnet, da& der Bor/Kohlenstoff-Oberzug amorph ist 

3. Oberzug nach Anspruch 1 Oder 2, dadurch gekennzeichnet, daft der Oberzug aus amorphem Borcarbid 
besteht 

20 4. Oberzug nach den Anspruchen 1 bis 3, dadurch gekennzeichnet, da& der Oberzug eine Dicke im Bereich 

von etwa 0,20 bis etwa 8 \xm hat 

5. verfahren zum Oberziehen eines substrates, bestehend im Niederschlagen eines Oberzuges nach den 
Anspruchen 1 bis 4 auf das substrat durch GleichstronvMagnetron-sputtem. 

6. verfahren nach Anspruch 5, dadurch gekennzeichnet, da& wenigstens ein Teil des Oberzuges durch 
25 sputtern gebildet wird, wahrend eine vorspannung an das substrat wahrend zumindest eines Teiles des sput- 

tems angelegt wird. 

7. maschinenwerkzeug mit einem verschleiBfesteh Oberzug auf wenigstens einem Teil seiner Arbeitsfla- 
che, welcher Oberzug ein solcher nach den Anspruchen 1 bis 4 ist oder mit dem verfahren nach Anspruch 5 
hergestellt ist 

30 

Revendications 

1 . Un revetement anti-usure applique de manifere adh6rente sur un substrat, ce revetement etant forme 
35 par pulverisation cathodique et etant constitu6 d'une combinaison de bore et de carbone dans au moins une 
phase choisie pan™ les phases amorphes, polycristallines depourvues d'ordre & longue distance et microcris- 
tallines, caracterise en ce que le revetement est forme par pulverisation cathodique au magnetron sous courant 
continu, et en ce que le revetement pr6sente une composition sur une base atomique de B X C^ oil x est d'envi- 
ron 0,60 ^ environ 0,90. 

40 2. un revetement suivant la revendicatibn 1, caracterisg en outre en ce que ledit revetement de bore et de 

carbone est amorphe. 

3. un rev§tement suivant la revendication 1 ou la revindication 2, caract£ris£ en outre en ce que ledit reve- 
tement comprend du carbure de bore amorphe. 

4. un revetement suivant une revendication pr£c£dente quelconque, caract6ris6 en outre en ce que le rev§- 
45 tement a une 6paisseur dans Fintervalle d'environ 0,20 & environ 8 microns. 

5. un proc£d£ de revetement d'un substrat comprenant le d6p6t par pulverisation cathodique au magnetron 
sous courant continu d'un revetement suivant Tune quelconque des revendications 1^4 sur le substrat 

6. Un procede suivant la revendication 5, caract6ris6 en outre en ce qu'au moins une partie dudit revete- 
ment estformee par pulverisation cathodique tout en appliquant au substrat une tension de polarisation pendant 

50 au moins une partie de ladite pulverisation cathodique. 

7. Une machine-outil ayant un revetement anti-usure sur au moins une partie de la surface de travail de 
I'outil, ledit revetement etant conforme k Tune quelconque des revendications 1 & 4, ou produit par le procede 
de la revendication 5. 

55 
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Description 

This invention relates to coating on surfaces that 
are subjected to friction or wear, to a method of 
coating a substrate and to machine tools having a s 
wear resistant coating over at least a portion of the 
working surface. 

In the past, tools and articles that are subject to 
wear have been fabricated to achieve various 
hardness, lubricity and -wear characteristics by 10 
controlling certain parameters. For example, tools 
for working and shaping unhardened steels may 
befabricated from steel containing enough carbon 
to form very hard martensite. In more complicated 
compositions, varying the carbon content and 15 
alloy content makes possible non-deforming 
steels, shock-resistant steels, hot-work steels, or 
high-speed steels. In some of these steels, alloying 
elements such as titanium, vanadium, molyb- 
denum, tungsten and chrorninum are used. These 20 
are elements which have a great affinity for carbon 
and form hard, wear-resistant metallic carbides. 
However, in many cases, it is desirable to provide a 
tool having a coating on the surface thereof to 
improve the hardness and/or lubricity of the tool. 25 
This is especially the case where it is desired to 
lengthen the tool life or increase productivity, or 
where it is necessary to shape and work hardened 
steel, for example. However, many types of wear 
resistant coatings require high temperatures for 30 
application, thereby making them impractical for 
use on many types of substrate materials, since 
the properties of the substrate may change signifi- 
cantly under such temperatures. Other types of 
coatings do not adhere sufficiently to the substrate 35 
under working conditions. 

Thus, a need exists for a wear resistant coating 
that can be applied at relatively low temperature to 
avoid significant change of substrate properties. A 
need existsfor a wear-resistant coating for articles, 40 
such as tools, to provide increased life. A need also 
exists for a wear .resistant coating that has 
improved adhesion properties and resistance to 
fracture. 

Boron-carbon coatings of substrates are 45 
described in Patents Abstracts of Japan (Kokai 54- 
15481) and Swiss Patent Application 
CH — A — 534 477. European Patent Application 
EP— A — 0075316 describes metal/non metal coat- 
ings, which, in the context, are described as so 
disordered. 

The present invention provides a coating as 
defined in claim 1, a method of coating a substrate 
as defined in claim 6 and a machine tool as defined 
in claim 10. 55 

A mold comprising a coating according to the 
present invention and a method of molding an 
article utilizing said moid are claimed in the 
copending European Application 84306468.4 
(EP— A— 0 136 162). 60 

The coating according to the invention exhibits 
excellent resistance to wear. As used herein, 
resistance to wear includes resistance to erosion, 
oxidation, corrosion, wear from frictional contact 
and similar phenomena. Tools and other articles 65 



which are subject to wear, such as a result of 
contact with other surfaces, can be coated with the 
disordered boron and carbon material to increase 
the useful life of the tool or article. The coating can 
be disordered boron carbide or a mixture of 
disordered boron and carbon. 

The coating is formed as a thin layer on the 
surface of an article such as a tool or other 
substrate and preferably comprises boron carbide. 
As used herein, "substrate" and "article" are 
interchangeable and can include a coating or 
coatings other than a coating of the invention. 

Tools coated in accordance with the invention 
utilizing disordered boron and carbon generally 
having excellent hardness and lubricity charac- 
teristics which result in increased lifetimes and 
depending on the particular application, improved 
surface finishes on parts or workpieces machined 
therewith. 

The disordered coating can be amorphous, 
polycrystalline (and lacking long range order), 
microcrystalline or a mixture of any combination 
of those phases. 

Preferably, the composition of the coating is: 

where "B" represents boron, "C" represents car- 
bon and "x" and "1-x" represent the relative 
amount of boron and carbon respectively, present 
in the coating, "x" being from about 0,60 to about 
0.90. A disordered coating of boron and carbon on 
either side of this range is also included within the 
scope of the invention. Most preferably, the coat- 
ing is disordered boron carbide (B 4 C). Thus, 
included in accordance with the present invention 
are coatings which are non-stoichiometric as well 
as those that are. 

The coating of the present invention is disor- 
dered when formed. It is believed that a disordered 
wear resistant coating performs better than a 
single phase crystalline coating. A disordered 
coating may be more susceptible than a single 
phase crystalline coating to diffusive bonding 
between the substrate surface and the coating, 
resulting in better adherence. Disordered 
materials also lack extended lattice planes through 
which fractures can propagate and in general can 
withstand relatively high deformation forces with- 
out fracture. Such materials are generally less 
susceptible to adverse chemical attack, such as 
corrosion and oxidation, than a single phase 
crystalline material. It is believed that the fore- 
going advantages are more fully realized with an 
amorphous or substantially amorphous coating. 

In accordance with the invention, a non- 
stoichiometric disordered wear resistant coating is 
provided in which the amount of boron and carbon 
present in the coating composition can be varied 
to achieve desired characteristics while avoiding 
the formation of extended lattice planes present in 
non-disordered materials which could advarsely 
affect the adherence, wear resistance or other 
properties of the coating. 

In accordance with the invention the coating is 
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formed by sputtering. Since sputtering can take 
place at a relatively low substrate temperature 
(generally about 200°C or less, for example), the 
coating can be formed while avoiding significant 
changes in the properties of the substrate 
material while providing a surface that has 
increased resistance to wear and excellent lubric- 
ity. Accordingly, the invention is particularly use- 
ful for coating materials such as tool steel and 
tungsten carbide, for example, since the pro- 
cessing temperature does not degrade the 
properties of these materials. Sputtering at low 
substrate temperature also allows formation of 
the coating in a disordered state. 

The coating can be applied to a tool surface or 
substrate surface as a continuous thin layer with- 
out significantly changing the dimensions of the 
tool since the thickness of the coating can be 
relatively thin and can be closely controlled. After 
a tool, with or without a coating, has been in use, 
a coating in accordance with the invention can be 
applied thereto, to achieve a desired tolerance or 
otherwise replace material that has been worn 
from the tool. Thus, the invention makes possible 
the reclamation of tools that would otherwise be 
discarded. 

A coating in accordance with the invention can 
be applied directly over a substrate surface while 
achieving excellent adherence for use on tools 
and other surfaces that are subjected to wear or 
friction, for example, No adherence coating or 
layer is required, as the coating of the invention 
can provide excellent adherence. Preferably, the 
coating is continuous. 

The disordered boron and carbon coating of the 
invention can be further characterized as being 
relatively inert and stable, with good resistance to 
degradation as a result of exposure to humidity 
and heat, for example. 

In accordance with another aspect of the inven- 
tion, a method is provided for making a wear 
resistant boron and carbon coating, which 
method is similar to the described general 
method and comprises depositing over a sub- 
strate a layer of disordered boron and carbon. The 
layer of disordered boron and carbon is as pre- 
viously described. 

In accordance with another aspect of the inven- 
tion, a coated tool suitable for machining a work- 
piece is provided that includes a substrate and a 
wear resistant coating over at least a portion of 
the substrate. The coating is a disordered coating 
of boron and carbon as previously described. 

As used herein, "machining" is used in a broad 
sense and includes, but is not limited to, cutting, 
grinding, shaping, polishing, reaming, turning, 
drilling, broaching, sharpening and the like. 

The machine tool according to the invention 
has on at least a portion of the article or on a 
working edge or surface thereof, coated with a 
wear resistant boron and carbon coating in 
accordance with the invention. 

In accordance with another aspect of the inven- 
tion, the disordered boron and carbon coatings 
are also useful as decorative coatings. The disor- 



dered boron and carbon coatings can be charac- 
terized as having a high gloss and an attractive 
gray color. Such coatings also, of course, exhibit 
good resistance to wear. 

5 The color of the coating is dependent on the 

relative amount of boron and carbon present in 
the coating. Coatings with a relatively high 
amount of carbon will be a darker shade of gray 
than coatings with less carbon. 

w To a degree, the thickness of the coating deter- 
mines the degree of grayness of the coating. The 
optical density of the coating is related to its 
thickness, until a certain thickness is achieved 
where a thicker coating will not provide a signifi- 
es cant increase in optical density. 

The smoothness of the substrate surface to 
which the coating is applied generally has an 
effect on the gloss of the coating. Usually, provid- 
ing a smoother surface results in a coating having 

20 a higher gloss. Accordingly, where a high gloss 
coating is desired, the substrate surface should be 
relatively smooth. 

Preferably, the coatings essentially contain only 
carbon and boron, although it is to be understood 

26 that minor amounts of impurities will almost 
invariably be present Further, other elements or 
compounds other than carbon may be present, as 
long as they do not interfere with the desired 
color, gloss or wear resistance. 

30 The coatings of the invention can be further 

characterized in being relatively inert and stable, 
with good resistance to color change as a result of 
exposure to ultraviolet radiation, for example. 
The coatings also exhibit good resistance to 

35 chemical attack. 

Generally, when a coating of the invention is 
provided for decorative purposes, it will be thin- 
ner than a coating for wear resistance applica- 
tions, although a thicker coating can be used for 

40 decorative purposes as desired. 

Figs. 1 — 7 illustrate in perspective view various 
articles than can be coated in accordance with the 
invention; and 
Fig. 8 illustrates in sectional view a coating in 

45 accordance with the invention having a trans- 
parent coating applied thereover. 

The disordered coating of the invention is 
formed by sputtering, although any suitable tech- 
nique which forms a disordered coating of boron 

so and carbon having suitable adherence and physi- 
cal integrity can be utilized. The preferred type of 
sputtering is dc magnetron sputtering with a bias 
voltage. Sputtering allows the coating to be 
applied at relatively low temperatures and is less 

55 likely to affect the substrate properties than other 
techniques which require relatively high tempera- 
tures. 

While sputter depositing techniques are 
generally known to those skilled in the art, to 

60 maximize the benefits of the invention, it is 
advantageous to form the desired coating with a 
sputtering technique that is adapted to the par- 
ticular geometry of the surface to be coated. 
Usually, a dc or rf bias is applied to the substrate 

65 during application of the coating by sputtering. 
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The bias may improve adhesion of the coating 
formed on the substrate, reduce stress in the 
coating and increase the density of the coating. 
The substrate geometry in part determines the 
most desirable sputtering technique for a particu- 
lar application. 

Prior to sputter depositing, it is important to 
provide an atomically clean surface on the portion 
of the tool or substrate surface that is to be coated 
(as used in this specification, "substrate" means 
that portion of a tool or substrate exclusive of a 
coating or coatings in accordance with the inven- 
tion). This facilitates the formation of a uniform 
coating which adheres to the substrate surface. 
There are several methods known to those skilled 
in the art for providing an atomically clean surface 
for 'sputtering and any such method may be 
utilized. The following surface preparation 
method is provided by way of example only and 
is not to be construed as a limitation upon the 
present invention. 

In accordance with one method for providing 
an atomically clean substrate surface, the sub- 
strate is degreased with a chlorinated hydro- 
carbon degreaser. Thereafter, the substrate is 
rinsed in methanol and is then subjected to either 
plasma or dry chemical etching. When plasma 
etching is utilized, preferably a fluorinated carrier 
gas, such as carbon tetrafluoride is utilized. The 
carrier gas decomposes and provides fluorine 
which cleans the substrate surface. The final step 
for providing an atomically clean surface for the 
coating is sputter etching in an argon plasma. 

After an atomically clean surface has been 
provided on the substrate or at least on that 
portion of the substrate which is to be coated, the 
coating can be applied. 

Where a high gloss coating is desired, usually 
for decorative purposes, the surface will prefer- 
ably be relatively smooth, since this is believed to 
facilitate the formation of a high gloss coating. 
Some surfaces will already be smooth and no 
treatment is required. Where a smoother surface 
is desired, any suitable means can be utilized. For 
example, the surface may be polished. Alterna- 
tively, the surface may be precoated with a layer 
or layers of polymer material such as a thermo- 
plastic or thermosetting polymer resin or other 
materials which can provide a relatively smooth 
surface. Epoxy and acrylic resins are examples of 
such polymer materials. A combination of polish- 
ing and applying a precoat layer can also be 
utilized. 

The preferred sputtering conditions depend on 
surface geometry and the type of microstructure 
desired. Generally, however, it is desirable for the 
surface of the coating to be smooth, especially for 
many wear-related applications. The internal 
microstructure of the disordered coating may be 
columnar or non-columnar. For some applica- 
tions, a columnar surface of the coating can be 
desirable. 

When it is desired to produce a columnar 
microstructure, any type of sputtering technique 
known in the art which produces a columnar 



microstructure can be utilized. One technique for 
producing a columnar microstructure applies suf- 
ficient bias voltage to the substrate to cause 
formation of the columnar microstructure. For 

5 some coating materials and/or substrate geomet- 
ries, a columnar microstructure may not be 
formed, even with a high bias voltage. As is 
known to those skilled in the art, bias sputtering is 
the process of maintaining a negative bias voft- 

10 age on the substrate during deposition. 

By applying a bias voltage to the substrate, the 
density, purity, adhesion and internal stress of the 
coating can be controlled. Generally, application 
of a bias voltage tends to increase the density, 

15 purity and adhesion and also tends to decrease 
the internal stress. of the coating. 

The bias voltage applied to a substrate during 
sputtering may be varied in a desired sequence. 
The preferred bias sequencing depends on the 

20 substrate geometry and the desired microstruc- 
ture. For complex shapes, or for surfaces having a 
relatively high (about 2.0 or greater) aspect ratio 
(which is the ratio of the macroscopic depth to the 
width of a surface, e.g. the aspect ratio of a planar 

25 surface is 0 and the aspect ratio of a surface 
having a depression whose depth equals its width 
is 1), it is desirable to initially sputter the coating 
material onto the substrate at a relatively low bias 
voltage (for example, about —100 to —200 volts) 

30 to insure complete coverage. Thereafter, the bias 
voltage is increased to a relatively high bias 
voltage (for example, about —1000 to —2500 
volts). The biasing voltage can be gradually 
increased (ramp increased) or step increased. 

35 Utilizing such a bias voltage tends to promote a 
more dense, purer poating having greater 
adhesion, less internal stress and also tends to 
promote columnar growth. It is believed that a 
columnar microstructure generally results in 

40 better adherence, possibly as a result of mechani- 
cal anchoring to the substrate. For the exterior 
coating surface applied to a surface with a high 
aspect ratio, the bias voltage can be applied as for 
the underlying portion of the coating, except that 

45 if a smooth surface is desired, towards the end of 
the deposition the bias voltage is lowered (for 
example, generally to about —100 to —200 volts) 
or eliminated, which tends to allow formation of a 
smooth surface. 

so For a surface having an aspect ratio of about 0.5 

to about 2.0, the coating is preferably sputtered at 
essentially a constant bias voltage, generally 
between —500 and —1000 volts. A higher voltage 
can be used. For the exterior portion of the 

55 coating, the bias voltage should be adjusted such 
that a relatively smooth surface is provided, if this 
is desired. 

For a surface having a relatively low aspect 
ratio (between 0 and about 0.5), preferably the 

60 bias voltage initially is higher (about -1000 to 
—2500 volts) and can be decreased to low voltage 
(about —100 to -200 volts) in either step or ramp 
fashion, or eliminated. Again, the decrease or 
elimination of bias voltage usually applies 

65 towards the end of the deposition of the coating. 
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A decreasing or a relatively low bias voltage also 
tends to promote a relatively smooth surface 
which generally results in a more lubricious sur- 
face, which can be desirable in many cases. 

Since sputtering can take place at relatively low 
substrate temperatures (generally about 200°C or 
less, for example), the coatings can be be formed 
while avoiding significant changes in the 
properties of the substrate material while provid- 
ing a surface that has increased resistance to 
wear and excellent lubricity. Accordingly, the 
invention is particularly useful for coating 
materials such as tool steel, aluminum, brass, 
chrome, nickel, tungsten carbide and cemented 
carbides, graphite, glass, natural and synthetic 
polymers and other substrates that can be 
adversely affected by elevated temperature, for 
example, since the processing temperature does 
not degrade the properties of these materials. 
Sputtering at low substrate temperatures also 
allows formation of the coatings in a disordered 
state. The invention is also suitable for coating 
precisely dimensioned substrates, regardless of 
substrate composition. 

To produce sputtered disordered coatings, 
generally the sputtering will take place at sub- 
strate surface temperatures of less than about 
200°C and usually at about 100°C or even less, to 
facilitate formation of disordered coatings. Thus, 
the coatings in accordance with the present 
invention can be formed at relatively low 
temperatures. The target generally is also cooled 
to prevent evaporation, melting or other 
unwanted degradation of the target. As a result, 
the coating is applied to a tool surface, for 
example, without significantly altering physical 
properties of the tool, such as the dimensions, 
hardness and transverse rupture strength. 
Generally, substrate temperatures, target com- 
positions, deposition rates and gas pressures 
which tend to prevent the formation of disordered 
coatings should be avoided. 

For decorative uses, the thickness of the coating 
can be varied and no minimum thickness is 
required. However, it is desirable for the thickness 
of the coating to be in the range of from about 0.2 
micrometers (2000 Angstroms) to about 0.5 
micrometers (5000 Ansgstroms). Coatings which 
are thinner will be more transparent and the 
grayness of the coating will be less. Coatings 
thicker than 0.5 micrometers, (5000 Angstroms) 
can be utilized, but for decorative uses, cost may 
be a limiting factor. The coatings are preferably 
thick enough to be substantially non-transparent. 

For wear resistance, it is usually desirable to 
form a coating that is between about one (1) and 
about eight (8) micrometers in thickness, with a 
thickness of about 2.5 micrometers usually being 
a good thickness for use on tools. Coatings 
having a thickness in excess of about eight (8) 
micrometers may not be particularly desirable in 
applications where high tolerance must be main- 
tained since the geometry and/or size of the tool 
and parts resulting therefrom may be altered. The 
sputtering technique can be chosen in accordance 



with the guidelines previously set forth relating to 
relatively simple and complex substrate surface 
geometries. 

It is to be understood that the coatings and 
5 methods described herein can be utilzed on tools 
that have been subjected to use, either with or 
without the coatings described herein. For 
example, a after a tool having a coating or 
coatings in accordance with the invention has 
10 been in use, and is either worn or outside of a 
desired tolerance range, the same type of coating 
or another type of coating in accordance with the 
invention can be applied to the tool, resulting in 
an increased tool life. Also, a coating can be 
is applied to tools which did not previously have a 
coating of the invention thereon. Thus, tools 
which would otherwise be discarded can be 
reclaimed. 

Referring now to Figs, 1—7, several types of 
20 articles are illustrated which can be coated in 
accordance with the present invention. 

In Fig. 1, there is illustrated a gear hob 10 which 
can be coated in accordance with the present 
invention. Gear hob 10 has a plurality of radially 
25 extending teeth 12 and is one example of a 
complex surface. 

Fig. 2 is a perspective view of an insert tool 14 
having a flank face 16 and a rake face 18. The 
substrate of insert tool can be coated over its 
30 entire surface with a wear resistant coating of 
disordered boron carbide. 

Fig. 3 is a perspective view of a bearing pin 20. 
Bearing pin 20 is an example of a relatively simple 
surface that can be coated with a wear resistant 
35 coating of boron and carbon. 

Fig. 4 illustrates a gear shaver tool 22 which is 
composed of a plurality of radially extending 
teeth 24. Gear shaver tool 22 illustrates another 
relatively complexly surfaced tool for which the 
40 method and coatings in accordance with the 
present invention are suitable. 

Referring now to Figs. 5— 7, several articles are 
depicted to which coatings in accordance with the 
invention can be applied primarily for decorative 
45 purposes. It is, of course, to be understood that 
the type of articles to which the coating may be 
applied is virtually limitless, and these illus- 
trations are merely set forth byway of example. In 
Fig. 5, there is illustrated a steel automobile 
so bumper 26 that can have a coating 28 in accord- 
ance with the invention on the surface thereof. 
Coating 28 is a thin grayish layer of substantially 
amorphous boron and carbon and is from about 
2000 Angstroms to about 5000 Angstroms in 
55 thickness and has a high gloss. 

In Fig. 6, a plastic automobile door lock button 
30 is illustrated that can have a coating 32 in 
accordance with the invention on the surface 
thereof. 

60 In Fig. 7, a water faucet 34 is illustrated having a 

coating 36 in accordance with the invention. 

When the coating is used for decorative pur- 
poses, a protective overcoat layer may be pro- 
vided over the coating. For most applications the 

65 protective overcoat will be substantially trans- 
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parent and clear, although it could be colored, if 
desired. Any such type of material which does not 
deleteriously affect the boron and carbon coating 
to an unwanted degree can be used. For example, 
polymer resins can be used which are thermo- 
plastic or thermosetting. Suitable polymer resins 
which can be selected from a wide group of 
materials. Included in this group are, for example, 
polyurethanes, vinyl polymers and copolymers, 
copolymers of vinylidene chloride and vinyl acet- 
ate, copolymers of vinylidene chloride and acrylo- 
nitrile, copolymers of vinyl chloride and vinyl 
acetate, polycarbonates, polyamide, esters, ABS 
copolymers and the like. These materials are also 
suitable for use as a precoat over the substrate to 
provide a smoother surface. Any suitable method 
can be used to apply the overcoat or precoat layer. 
Byway of illustration only, such methods include, 
for example, spraying, brushing, roller coating, 
dipping, spin coating, vacuum deposition, elec- 
trolysis, electrostatic spraying, or the like. 

Referring to Fig. 8, there is illustrated an 
enlarged cross-sectional view of a portion of a 
substrate 38 having a disordered boron and car- 
bon coating 40 in accordance with the invention. 
Applied over the surface of coating 40 is a thin 
layer of a protective overcoat 42, which serves to 
protect coating 40 from impact. Protective over- 
coat 42 is a polymer resin that is substantially 
transparent. 

Generally, the KHN (50 grams) hardness of the 
boron carbide coatings in accordance with the 
present invention is about 4,700 kg/mm 2 as 
measured on a 50 micrometers thick (boron car- 
bide) coating that was substantially amorphous 
with some microcrystalline material. Since the 
disordered coatings are generally relatively thin, 
direct measurement of a typically used thickness is 
impractical. It is expected that thinner coatings 
would have about the same hardness. However, in 
addition to being relatively hard, the coatings of 
the present invention generally also exhibit excel- 
lent lubricity. As a result, tools in accordance with 
the present invention have increased life and the 
use of such tools can result in an improved surface 
finish on parts machined therewith. 

The present invention and its advantages can be 
more completely understood from the following 
examples: 

Example 1 

A disordered coating in accordance with the 
invention was dc magnetron sputtered utilizing a 
target that was formed by hot pressing 99% pure, 
crystalline B 4 C powder. The target was silver 
epoxy bonded to the backing plate and initially 
broken in by depositing for six hours dc at 300 
watts, then for two hours rf at 500 watts and finally 
brought up to 1050 watts dc over 30 minutes and 
allowed to preclean at that voltage for an 
additional 30 minutes. A coating of approximately 
50 micrometers of carbon and boron was formed. 
X-ray diffraction data indicated that the coating 
was substantially amorphous with some 
microcrystalline material. 



Differential thermal analysis indicated that the 
crystallization temperature of the disordered 
boron carbide coating was about 1280°C. 

5 Example 2 

An amorphous boron and carbon coating in 
accordance with the invention was DC magnetron 
sputtered utilizing a target that was formed by hot 
pressing 99% pure, crystalline B 4 C powder. The 

w volting was applied to an M2 high speed single 
point lathe tool and to M7 high speed steel drills. 
To provide an atomically clean surface, the tools 
were dc etched. The boron and carbon amorphous 
coating was applied by dc magnetron sputtering 

is with a gas pressure of 6 microns argon and a dc 
bias voltage of 500 volts for about the initial 40% of 
the coating thickness and thereafter a bias voltage 
of 250 volts dc was appliedforthe remainder of the 
coating deposition. The total coating thickness on 

20 each tool was about 3.2 micrometers. X-ray dif- 
fraction testing indicated that the coatings were 
amorphous. 

The lathe tool and drills were subjected to tests 
to determine the life of coated tools versus un- 

25 coated tools. The lathe tool was utilized in a. 
turning operation on cold rolled 1040 steel. The 
drills were subjected to a drilling test on gray cast 
iron plates having a Brine)! Hardness Number of 
from 219 to 239. The turning and drilling tests did 

30 not utilze lubrication. 

The lathe tool was utilzed at a speed of 0.864 m/s 
(170 ft/min) at a feed rate of 0.203 mm/rev. (0.008 
in/rev.). The depth of cut was 1.3 mm (0.050 
inches). The lathe tool having the amorphous 

35 boron and carbon coating exhibited a tool life that 
was four times as long as the life of the same type 
of lathe tool used under the same conditions 
without any coating. 

In the drilling tests, through holes were drilled in 

40 the gray cast iron plates which were 13 mm (1/2 
inch) thick with full penetration of the point and 
shoulder of the drills. The feed rate was 0.21 1 mm/ 
rev. (0.0083 inches per revolution). The number of 
holes to catastrophic failure was taken as the tool 

45 life criterion. The following results were obtained 
in the drilling test: 

Drill speed Tool life ratio 

(m/s) (coated/uncoated) 

50 

0.610 (120 ft/min) 3 

0.660 (130 ft/min) 4 

0.762 (150 ft/min) 6 

0.864 (170 ft/min) 12 

The foregoing results indicate a substantial 
improvement was obtained from the use of tools 
coated in accordance with the invention compared 
with uncoated tools. 

60 

Example 3 

A stainless steel plate was coated with an 
amorphous boron and carbon coating in accord- 
ance with the invention. The coating was applied 
65 to* the stainless steel plate in accordance with the 
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procedure set forth in Example 2. The coating had 
a thickness of about 3.2 micrometers. 

The stainless steel plate having the coating 
thereon was subjected to an air atmosphere 
having a relative humidity of about 88% and a 
temperature of about 33°. The exposure occurred 
for more than 56 days with no apparent spalling 
degradation or loss of integrity of the coating. 

Example 4 

A stainless steel plate was coated as set forth in 
Example 3. The coated stainless steel plate was 
subjected to the vapor of a cutting fluid that was 
being reflexed. The temperature of the vapor was 
about 100°C and the exposure occurred for eight 
hours. The cutting fluid contained sulphur and 
chlorine additives of the type utilized to control 
the growth of bacteria. After the test, no visible 
change was apparent in the coating. 

Example 5 

A chrome water faucet was coated in accord- 
ance with the invention by applying a boron and 
carbon coating by dc magnetron sputtering. The 
coating had a thickness of about 1 micrometer 
(10,000 Angstroms) and was of an attractive gray 
color with a high gloss. The coating could not be 
visbly scratched by rubbing with steel wool. 

Coatings of disordered boron and carbon of 
desired proportions can be made by sputtering 
and appropriately choosing the target composi- 
tion. Also, multiple targets of different elements 
or compositions could be utilized. While the 
foregoing examples have shown production of 
the disordered coating materials by sputtering 
techniques, the invention is not so limited. Any 
method which produces a coating having the 
desired degree of disorder (amorphous, polycrys- 
talline, microcrystalline or any combination 
thereof) can be utilized. By the term "amorphous" 
is meant a material which has long range disor- 
der, although it may have short or intermediate 
order or even contain at times some crystalline 
inclusions. 

It is to be understood that the coatings of the 
present invention are not limited to wear applica- 
tions involving tools or decorative uses. The 
invention is useful on surfaces that may be 
subjected to wear, including, for example, and not 
as a limitation on the invention, bearings, engine 
parts, fittings, and other devices where friction or 
wear is encountered. 

Claims 

1. A wear resistant coating applied adherently 
to a substrate, such coating being formed by 
sputtering and consisting of a combination of 
boron and carbon in at least one phase selected 
from amorphous, polycrystalline lacking long 
range order and microcrystalline phases. 

2. A coating according to claim 1 further charac- 
terised by said boron and carbon being amorph- 
ous. 

3. A coating according to claim 1 or claim 2 



further characterised by said coating comprising 
amorphous boron carbide. 

4. A coating according to any one of claims 1 to 

3 further characterised by said coating -having a 
5 composition on an atomic basis of B X C,_ X where x 

is from about 0.60 to about 0.90. 

5. A coating according to any one of claims 1 to 

4 further characterised by the coating having a 
thickness in the range from about 0.20 to about 8 

10 micrometers. 

6. A method of coating a substrate comprising 
depositing by sputtering a coating according to 
any one of claims 1 to 5 on the substrate. 

7. A method according to claim 6 further 
is characterised by said coating being formed by dc 

magnetron sputtering. 

8. A method according to claim 6 or claim 7 
further characterised by at least a portion of said 
coating being formed by sputtering while 

20 applying a bias voltage to the substrate. 

9. A method according to claim 6 or claim 7 
further characterised by said coating being 
formed by dc magnetron sputtering with a bias 
voltage being utilized during at least a portion of 

25 said sputtering. 

10. A machine tool having a wear resistant 
coating over at least a portion of the working 
surface of the tool, said coating being according 
to any one of claims 1 to 5 or produced by the 

30 method of any one of claims 6 to 9. 

Patentanspruche 

1. Verschleiftfester Uberzug; der festhaftend 
35 auf ein Substrat aufgebracht ist, dadurch gekenn- 

zeichnet, daft der Oberzug durch Sputtern gebil- 
det ist und aus einer Kombination von Bor und 
Kohlenstoff in wenigstens einer Phase, ausge- 
wahlt aus amorpher Phase, polykristalliner Phase 
40 ohne Langebereichsordnung, und mikrokristal li- 
ner Phase, besteht. 

2. Oberzug nach Anspruch 1, dadurch gekenn- 
zeichnet, daft das Bor und der Kohlenstoff 
amorph sihd. 

45 3. Uberzug nach Anspruch 1 Oder 2, dadurch 

gekennzeichnet, daft er aus amorphen Borcarbid 
besteht. 

4. Uberzug nach einem der Anspruche 1 bis 3, 
dadurch gekennzeichnet, daft er eine Zusammen- 

50 setzung, auf Atombasis, von B X C|- X , worin x etwa 
0,60 bis etwa 0,90 bedeutet, hat. 

5. Uberzug nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daft er eine Dicke im 
Bereich von etwa 0,20 bis etwa 8 Mikrometer hat. 

55 6. Verfahren zum Uberziehen eines Substrats, 

dadurch gekennzeichnet, daft man durch Sput- 
tern einen Uberzug nach einem der Anspruche 1 
bis 5 auf das Substrat aufbringt 

7. Verfahren nach Anspruch 6, dadurch gekenn- 
60 zeichnet, daft der Uberzug durch Gleichstrom- 

Magnetron-Sputtern gebildet wird. 

8. Verfahren nach Anspruch 6 oder 7, dadurch 
gekennzeichnet, daft wenigstens ein Teil des 
Uberzugs durch Sputtern gebildet wird, wahrend 

65 eine Vorspannung an das Substrat angelegt wird. 
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9. Verfahren nach Anspruch 6 oder 7, dadurch 
gekennzeichnet, dafc der Uberzug durch Gleich- 
strom-Magnetron-Sputtern gebildet wird, wobei 
eine Vorspannung wahrend wenigstens eines 
Teiles der Zerstaubung angewendet wird. 

10. Maschinenwerkzeug mit einem verschleifc- 
festen Uberzug uber wenigstens einen Teil der 
Arbeitsflache des Werkzeuges, dadurch gekenn- 
zeichnet, daft der Uberzug ein solcher gemafc 
einem der Anspruche 1 bis 5 ist oder nach dem 
Verfahren nach einem der Anspruche 6 bis 9 
hergestellt wurde. 

Revendications 

1. Un revetement anti-usure applique de 
maniere adherente sur un substrat, ce revetement 
etant forme par pulverisation cathodique et etant 
constitue d'une combinaison de bore et de car- 
bone dans au moins une phase choisie parmi les 
phases amorphes, polycristallines depburvues 
d'ordre k iongue distance et microcristal lines. 

2. Un revetement suivant la revendication 1, 
caracterise en outre en ce que ce bore et ce 
carbone sont amorphes. 

3. Un revetement suivant la revendication 1 ou 
la revendication 2, caracterise en outre en ce que 
ce revetement comprend du carbure de bore 
amorphe. 

4. Un revetement suivant Tune quelconque des 
revendications 1 a 3, caracterise en outre en ce 
que ce revetement presente une composition sur 



une base atomique de B X C,_ X ou x est d'environ 
0,60 a environ 0,90. 

5. Un revetement suivant Tune quelconque des 
revendications 1 a 4, caracterise en outre en ce 

5 que le revetement a une epaisseur dans I'inter- 
valle d'environ 0,20 a environ 8 microns. 

6. Un procede de revetement d'un substrat 
consistent a deposer par pulverisation cathodique 
un revetement suivant Tune quelconque des 

w revendications 1 a 5 sur le substrat. 

7. Un procede suivant la revendication 6, 
caracterise en outre en ce que ce revetement est 
forme par pulverisation cathodique avec un 
magnetron en courant continu. 

15 8. Un procede suivant la revendication 6 ou la 
revendication 7, caracterise en outre en ce qu'au 
moins une partie de ce revetement estformee par 
pulverisation cathodique en apptiquant au subs- 
trat une tension de polarisation. 

20 9. Un procede suivant la revendication 6 ou la 
revendication 7, caracterise en outre en ce que ce 
revetement est forme par pulverisation cathodi- 
que avec un magnetron en courant continu, une 
tension de polarisation etant utilisee au cours 

25 d'au moins une partie de cette pulverisation 
cathodique. 

10. Une machine-outil ayant un revetement 
anti-usure sur au moins une partie de la surface 
de travail de I'outil, ce revetement etant conforme 
30 a Tune quelconque des revendications 1 a 5, ou 
produit par le procede suivant Tune quelconque 
des revendications 6 a 9. 
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